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IL-33 is a member of the IL-1 family and is presented as a 
paracrine signaling system between fibroblast and myocyte [14 ]. 
The IL-33/ST2 system is described as a cardiac fibrolblast-
myocyte signaling system. IL-33 is produced primarily by cardiac 

fibroblasts, under the mechanically loaded stressors [13]. 
Weinberg et al., 2002 demonstrated that the suppression of 
tumorigenicity 2 called as ST2, a interleukin-1 receptor family 
member, is also expressed by cardiomyocytes where the 
expression is upregulated under conditions of mechanical stress 
[20]. ST2 has 2 isoforms: ligand-form (ST2L) or transmembrane 
form, on the surface of cardiac myocytes and a soluble “decoy” 
form (sST2) in blood. The extracellular IL-33 after binding to ST2L 
produces the antihypertrophic and antifibrotic properties to the 
myocardium [14 ,18]. Inversely, the sST2 form inhibits the action of 
IL-33 by acting as decoy receptor. The serum concentrations of 
sST2 have been shown to be valuable in prognosis of cardiac failure 
[9,11,16]
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Objectives: The soluble ST2 isoform, sST2, has been classified as biomarker for myocardial 
fibrosis in 2013 ACCF/AHA Guideline for the Management of Heart Failure.  There is an 
existence of differences in sST2 reference range with region and ethnicity. The aim of this study 
was the analytical validation of the Presage™ ST2 assay ELISA for quantification of sST2 in 
human serum and establishment of the sST2 reference range in serum of healthy Vietnamese 
peoples.Methods: We evaluated calibration curve, linearity, accuracy, precision, limit of 
quantification (LOQ), limit of detection (LOD) of analytical method, and analyte (serum) 
stability. The reference range of sST2 was determined from the 151 serum samples of healthy 
Vietnamese persons (73 males, 78 females).Results: The calibration curves of 7 points were 
fitted percentage of deviation (Dev%) < 4% and R2 equivalent to 1. The method was linear 
across the large measurement range, from 3 to 230 ng/ml. The coefficients of variation (CV%) 
of intra-day repeatability and total reproducibility of serum samples, <50, 100-199, and 200-
300 ng/ml, were 13.6, 3.6, and 8.2% and 15.4, 14.3 and 11.0%, respectively. The accuracies of 
quality control samples varied from -7.3 to 3.1%. The LOQ and LOD were 3.82 and 1.67 ng/ml 
respectively. Recovery was evaluated by combining two QC samples with sST2 of 70 (high) and 
23 ng/mL (low) in ratios of 7:3 and 3:7 (high:low); measured concentrations were 53.1 and 
35.9 ng/mL, which were 95.0 and 96.8%, respectively of the expected concentrations. Recovery 
was also evaluated by combining two serum samples with sST2 of 118.9 (high) and 12.85 
ng/mL (low) in ratios of 7:3 and 3:7 (high:low); measured concentrations were 78.3 and 41.9 
ng/mL, which were 89.8 and 93.8%, respectively of the expected concentrations. The sST2 
samples were stable for 72 h at room temperature, for 5 days at 2-8C, 2 continuous 
thawing/frozen times at 48h and 1 months at -20C. Concentration of sST2 samples were 
significantly higher in males compared to females (19.33±9.5 vs. 13.46±6.33 ng/ml; 

p<0.0001),and were not different by ages in males and by ages ≥ 30 yrs in females. In young 
females, 20-29 yrs, sST2concentrations were higher than those of other age-groups. Age-
independent reference values, presented as empirical percentiles, were (2.5th-97.5th) 3.42-
48.86 ng/mL in males, and 5.83-28.08 ng/mL in females. Conclusion:The Presage™ ST2 ELISA 
assay is fitted to quality specifications for measurement of sST2 in serum. The assay has a good 
precise, large linearity and low concentrations as 3 ng/ml. Reference range of sST2 are not 
different by age but are higher in males compared to females. Reference range of sST2 in 
Vietnamese peoples is similar to those of European populations but lower than that of US 
healthy population. 
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in predicting the occurrence of heart failure in patients with 
acute coronary syndromes and in monitoring heart failure 
patients [17,21] and providing the additional risk stratification 
for outpatients with decompensated heart failure [1]. The 2013 
ACCF/AHA Guideline for the Management of Heart Failure has 
been approved sST2 and Galactin-3 as biomarkers for 
myocardial fibrosis [23].

The Presage ST2 Assay (Critical Diagnostics, CA, USA), the 
only diagnostic device approved by FDA, meets the needs of 
quality specifications for measurement of sST2 in serum by 
ELISA [12].This assay was evaluated in 2 previous studies [4,10]. 
The reference values of sST2 in Americans and Australians 
showed that concentrations of sST2 were significantly higher in 
males compared to females, but not correlated by age in either 
gender, and there was a difference in sST2 between races 
[4,10,3]. This assay has been introduced to our hospital, Cho Ray 
Hospital, in Ho Chi Minh City, Viet Nam and approved as new 
diagnostic method for clinical application in 2014. We would like 
to report hereafter the results of bioanalytical method validation 
of this assay applied in an area of tropical region and the 
reference range of sST2 in Vietnamese population in South East 
Asian.

Study method

BioanalyticalMethod Validation for Presage™ ST2 Assay

The bioanalytical method validation includes the following 
quality specifications: calibration curve, linearity, accuracy, 
precision, limit of quantification (LOQ), limit of detection (LOD), 
recovery and stability.The validation was performed in 
accordance to theGuidance for Industry- Bioanalytical Method 
Validation. September 2013, US Department of Health and 
Human Services, Food and Drug Administration, Center for Drug 
Evaluation and Research (CDER), Center for Veterinary Medicine 
(CVM) [19]. The criteria for precision was also based on the  
National Academy of Clinical Biochemistry and IFCC Committee 
for Standardization of Markers of Cardiac Damage Laboratory 
Medicine Practice Guidelines: Analytical Issues for Biomarkers 
of Heart Failure, issued in 2007 [2].

Calibration curve: was built on 7 standards, concentrations 
from 3.1 to 200 ng/ml, repeatedly at least 6 times of calibration 
curve.The acceptance criteria for calibration curve were 
percentage of deviation (Dev%) <20% for standard 
concentrations at low limit of quantification (LLOQ) and <15% 
for other standards compared to the corresponding true values, 
and at least 5 among 7 standards responded this criteria.

Linearity:The linearity specification was evaluated on 
different samples including standards, quality control samples 
(QC) and serum samples. For standards, 7 concentrations from 
3.1 ng/ml to 200 ng/ml, each point was measured twice and 
average was calculated. The linearity was evaluated by the linear 
regression equation with slope, intercept and correlation 
coefficientR2. The slope was estimated as 1, intercept as <5% of 
high value, and R2> 0.95.For QC samples, linearity was 
performed on 2 pairs of QCs; and 2-fold dilution for high QC 
sample to 5-6 gradually lower concentrations. For serum 
sample: selected a serum sample with sST2 >200 ng/ml, diluted 
2-fold to 6 gradually lower concentrations, each point was 
measured 2 times. 

Accuracy:The intra-day accuracy was done on QC samples at 
2 levels (low and high), measurement repeated at least 5 times 
for each level. The accuracy was presented by Dev%.The inter-
day accuracy was the same but measurement twice per day over 
6 continuous days. The requirement for accuracy was the Dev% 
< 10%.

Precision:included the intraday repeatability and interday 
reproducibility, on QCsand serum samples. For QC samples, 
repeatability was done on 2 levels, low and high, measured 
repeatedly 7-8 times on the same day; and the reproducibility 
over 6 days, repeated twice per day. For serum sample, precision 
was done on 3 levels: low (< 50 ng/ml), average (> 100 ng/mL) 
produced by pooled serum method, and high (> 200 ng/ml) 
sST2, measureed repeatedly 5-6 times within a day for 
repeatability and repeated twice per day over 10 continuous 
days for reproducibility.The precision was presented by CVs with 
requirements as< 10% and < 20% respectively for repeatability 
and reproducibility. 

Limit of quantification (LOQ): was the lowest measured 
concentration with CV<20%. For QC sample, a low 
concentration, 20 – 27 ng/ml, diluted two-fold to 5 gradually 
lower concentrations, each level was measured 5 times. For 
serum samples, choose the one with sST2  around 25 ng/ml, and 
perform the same way as QC sample. 

Sensitivity: called as the limit of detection (LOD) or the 
concentration of sST2 in blank sample. The LOD was calculated 
with the equation as 3.3 /S; in which defined as the standard 
deviation (SD) of response over 5 times of measurement of blank 
sample and S defined as the slope of calibration curve. 

Recovery: For QC samples, combining 2 samples, 23 and 70 
ng/ml, with ratios (7:3)and (3:7), respectively, produced 2 new 
known concentrations; then measured repeadly 5 times per 
each, the average of measured concentrations wasused for the 
recoverycalculation (%). For serum samples, choose 2 samples 
with low and high sST2 concentration, i.e. 30 and100 ng/ml, 
mixing with ratio (7:3) and (3:7) in the same way for QC samples, 
to have 2 new samples with known concentrations; each was 
investigated repeatedly 5 times. The recovery was required 
>90%.

Stability:Make a pooled serum sample volume > 8 ml, divided 
into 10 Eppendorfs, 0.8 ml per each. Date of sample preparation 
was called as day 0. The distribution of tubes as: 1 tube for 
baseline data; 3 tubes kept at room temperature 25C and 
investigated at 24, 48 and 72 hours; 2 tubes put at 2-8C and 
investigated on day 5 and day 10; 1 tube Eppendorf put freezing 
at  -20C and investigated on day D30; and 3 tubes put at -20C: 
after 24h thawing 3 tubes-investigated 1 tube- returned deep 
freezer for 2 tubes; repeated the same way at 48h and72h. The 
recovery was calculated for each investigation, with requirement 
> 90%.

Investigation for the sST2 reference range:

This investigation was performed on serum of subjects from 
two sources: the first group were persons who came to Cho Ray 
Hospital for health checks, not for diseases and the second group 
were staff of private companies coming to Song An Health Care 
Clinics for annual health check. Cho Ray Hospital and Song An 
Health Care Clinics are located in Ho Chi Minh City, Viet Nam.The 
routine health check program included complete clinical 
investigation, laboratory tests (complete blood count, 
biochemistry tests: AST, ALT, blood creatinine/BUN, lipemia 
check as cholesterol, triglycerides for persons if needed, chest-X 
ray only for whom who need the health check for job application 
or basing on the request of doctors in charge). Only cases that 
were diagnosed as clinical healthy subjects without any 
suggesting with cardiovascular diseasesand having remaining 
serum volume more than 300 µLwere selected for the study.All 
serum samples were kept at -20C. Serumsamples were planned 
as 180, including 90 males and 90 females. Age distribution of 
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samples was equal for both genders as follows: 20-29 years: 20 
samples; 30-39 years: 20 samples; 40-49 years: 20 samples; 50-

59 years: 20 samples; ≥ 60 years: 10 samples. 

Data management and Statistics

Analytical method validation was performed following to 
criteria mentioned in above parts and the registration for ISO-
15189 of the laboratory. The calibration curves were weighted to 
have the highest correlation coefficient (R2> 0.95). The precision 
was presented as CV. The accuracy was presented as percentage 
of deviation (Dev%). The recovery, stability were evaluated by 
the recovery value, as the percentage of measured concentration 
compared to the known concentration. Comparison the paired 
samples before and after in stability investigations by Wilcoxon 
test.

The reference range of sST2 was presented in percentile 
values as 2.5th, 25th, 50th, 75th, and 95th , application of  two 
techniques presented in the study of Nt-proBNP of Framingham 
Heart Study [ ] and study of sST2 of Coglianese EE, 2012 [ ]: 
empirical percentiles and quantile regression. For empirical 
method, the samples were classified according to gender and age 
group of 10 years. It was due to the high variation of sST2 and 
there was no difference sST2 between age-groups in the same 
gender, quantile regression was applied for estimation of values 
2,5th, 25th, 50th, 75th, and 95th percentiles. Comparison of the 
median values of sST2between genders, age groups were done 
with Mann-Whitney U test (n=2 groups), or Kruskal-Wallis test 

(n ≥ 3 groups).The two-tail p value <0.05 was considered as 
statistically significant difference.

The sST2 new test had been approved by the Scientific 
Committee of Cho Ray Hospital on 9 June 2014. This study was 
approved by the Ethical Committee for Medical Research of Cho 
Ray Hospital on 16 December 2014.

Results:

Bioanalytical Method Validation for Presage™ ST2 Assay

The standard curve of sST2, presenting the function of 
optical density (OD) against 7 standards, 3.125 to 200 ng/ml,has 
the polynomial regression order 3, percentage of deviation for all 
7 standards < 4%, and the correlation coefficient R2from 0.995 
to 1 [Figure 1].

The linearity on 7 standard samples,3.1 to 200 ng/ml, was 
highly with slope a of 1, intercept < 0.04, R2 = 1. For 2 pairs QC 
samples, 17 and 55 ng/ml, and 20 and 61 ng/ml,the slope of 
1.0017, intercept of 0.3, R2 = 0.9994. For the two-fold dilution of 
QC 70 ng/ml, with 5 gradually lower concentration samples, the 
linear equation was y = 1.0041x + 0.83, R2 = 0.998. For the serum 
sST2 231.1 ng/ml, diluted 2-fold, with 5 gradually lower 
concentration samples, the linear equation was y = 0.9918x + 
5.7823, R2 = 0.9961 [Figure 2].

The intra-day accuracy of QC samples, measured repeatedly8 
times, was 5.3% and -7.4% for QC 23 ng/ml and 70 ng/ml, 
respectively. The interday accuracy, over 6 days, was 3.1% and -
6.3% for QC 23 ng/ml (n=20) and 70 ng/ml (n=18), respectively.  

The intraday repeatability was 7.7 (n=8) and 6.4% (n=8); 
and the interday reproducibility (6 days) was 10.9 (n=20) and 
6.9% (n=18) respectively to QC 23 ng/ml and 70 ng/ml. For 
pooled serum samples, the intraday repeatability (n=5) was 
13.6, 3.6, and 8.2% for concentrations 14.3 ng/ml, 171.8 ng/ml 

and 343 ng/ml respectively; the interday reproducibility (20 
days) was 15.4, 14.3 and 11.0% respectively for concentrations 
20.5, 108.9 and 245.2 ng/ml. 

The limit of quantification of sST2 was 2.53 ng/ml 
(CV=8.6%) and 3.8 ng/ml (CV=10.8%), respectively for QC 
sample and serum sample.The limit of detection (LOD) was 
1.67ng/ml.

Recovery was evaluated by combining two QC samples with 
sST2 of 70 (high) and 23 ng/ml (low) in ratios of 7:3 and 3:7 
(high:low); measured concentrations were 53.1 and 35.9 ng/ml, 
which were 95.0 and 96.8%, respectively of the expected 
concentrations (55.9 and 37.1 ng/ml). Recovery was also 
evaluated by combining two serum samples with sST2 of 118.9 
(high) and 12.85 ng/ml (low) in ratios of 7:3 and 3:7 (high:low); 
measured concentrations were 78.3 and 41.9 ng/ml, which were 
89.8 and 93.8%, respectively of the expected concentrations 
(87.1 and 44.7 ng/ml).

The stability was evaluated in a pooled sample of sST2 
as20.01±1.54 ng/ml. Storage at room temperature 25C in 1 day 
(24h), 2 days (48h) and 3 days (72h) the recovery rates 
were93.67, 97.67, and 93.77%, respectively. The serum samples, 
to be kept freezing at -20C and performing 3 continuous 
thawing/frozen times over 3 days, had the recovery rates as 97.7, 
108.8, and 69.9%, respectively to days 1, 2, and 3. Serum sample 
of sST2,20.0 ng/ml,was stable at 2-8C after 5 days (recovery 
rate91.46%). Keeping deep frozen -20C over 30 days, recovery 
rate was106.5% for QC sample of sST2 of 53.7ng/ml.

Reference range of sST2 in serum samples of Vietnamese 
peoples

The concentration of sST2 was investigated in 151serum 
samples of Vietnamese persons (male: 73, female: 78). The 
anthropometrics as age, gender, and results of routine laboratory 
tests as fasting blood glucose, lipemia (triglycerides, cholesterol 
total), liver function tests (AST, ALT), kidney function tests 
(creatinine in blood) were presented in Table 1.

The values of sST2 were presented in Table 2.In males, sST2 
was 19.33±9.5 (mean±SD)higher than that in females 
13.46±6.33 ng/ml (p=0.000, Mann Whitney U test). The CV of 
sST2 of inter-individuals was highly as 49.14 and 47.03%, 
respectively to males and females.There was no difference on 

sST2 between 5age-groups (20-29; 30-39;40-49, 50-59, and 

≥ 60yrs.) in males and between 4 age-groups (30-39; 40-49, 50-

59, and ≥ 60 yrs.) in females. It noted that sST2 concentrations in 

young females, age-group of 20-29 yrs, were higher than those of 
other female age-groups with p=0.013 (Table 3). Reference 
ranges, basing on empirical percentiles (2.5th – 95th),were3.42-
48.86and5.8-28.08 ng/ml, respectively to males and females. It 
was due to the highly inter-individual variation and no difference 
of sST2 between age-groups in each gender, the percentile 
regression was applied, and calculated percentile reference 
ranges (2.5th – 95th) were 6.9-32.4 and5.72-29.9 ng/ml, 
respectively to males and females. Figures 3, and 4present the 
distribution of sST2 concentrations, the reference ranges of sST2 
between males and females.
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Figure 1. The calibration curve between optical density 
(OD) (y) against standards sST2 (x): polynomial regression 
with order 3, correlation coefficient R2 = 1.

Figure 3. Distribution of serum sST2 concentrations 
( n g / m L )  i n  f e m a l e s  ( 3 A )  a n d  m a l e s  ( 3 B ) .

Figure 2. Linearity of sST2 in QC sample (A) and in serum 
sample (B). 

Figure 4. Concentrations of serum sST2 at percentiles 2.5th, 
25th, 50th, 75th , and 95th in females (4A) and males (4B), 
presented by empirical percentiles and percentiles 
calculated by linear regression. Note that no percentiles 
presented in females for age-group 20-29, due to the 
difference of sST2 in this age group compared to other age 
groups.

Discussion

Bioanalytical Method Validation for Presage™ ST2 Assay

The calibration curve of sST2 assay, on 7 standards 3.1-200 
ng/ml, had the polynomial regression order 3 and percentages of 
deviation for all standards <5%. This result was fitted the criteria 
of calibration curve in the Guidance for Industry, Bioanalytical 
Method Validation of US Department of Health and Human 
Services, Food and Drug Administration, Center for Drug 
Evaluation and Research (CDER), Center for Veterinary Medicine 
(CVM) 2013 [19]. The linearity was consistent for standard 
samples (3.1 – 200 ng/ml), quality control samples (70 ng/ml, 2 
fold dilution) and serum samples (231 ng/ml, 2 fold-dilution), in 
the range 3.0 – 230 ng/ml.The slope “a” varied from 0.994 to 
1.0041, and R2values equally to 1. Lu J 2010 reported the 
linearity of Presage™ST2 Assay from 2.8 to 161.1 ng/ml (y = 
0.95x + 2.25, R2 = 0.997) [10].  

The intraday repeatabilityvalues of sST2 in QC samples 23 
and 70 ng/ml were 7.7 and 6.4%; and in serum samples were 
14.3, 3.6, and 8.2% at concentrations 14.3, 171.8 and 343 ng/ml, 
similar to study of Lu J 2010 (7.6, 2.4 and 3.8%for serum samples 
11.6, 26.9 and 88.0 ng/ml respectively)[10]. The over-all 
reproducibility (6 days) for QC samples 23 and 70 ng/ml were 
10.9 and 6.9%; and were 15.1, 14.3 and11.2% for serum samples 
at20.2, 109.6, and 243.2 ng/ml (n=20 days), respectively. This 
reproducibility of sST2 was equivalent to results as1.5, 14.0  

A 
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and6.3% for concentrations as 11.6, 26.9 and 88.0 ng/ml in 
study of Lu J 2010 [10]. The CVs of repeatability and total 
reproducibility of Presage™ ST2 assay were low as 2.5 and 4%, 
respectively in reports of Dieplinger B 2009 [4] and Coglianese 
EE 2012 [3]. The intraday- and interday-accuracy of QC 
sampleswere low as 5.3 and -7.4% and 3.1 and -6.3%, 
respectively to concentrations 23, and 70 ng/ml. Previous 
studies did not mention about the accuracy of sST2.

The limit of quantification and limit of detection of sST2 were 
3.82 and 1.67 ng/ml, respectively. The values of LOQ and LOD of 
sST2 were 3.3 and1.6 ng/ml in validation of  Presage™ ST2 ELISA 
assay in study of Lu J 2010 [10]; and LOD was 2.0 ng/ml in study 
of Coglianese EE 2012[3].The recovery by combining QC 
samples was high as 95%. Recovery in serum samples varied 
from 90 to 94%. Our results were similar to those reported in 
study of Lu J 2010, recovery for serum samples as 95 and 
95.9%[10]. Serum samples were stable at room temperature 
over 3 days with recovery rate as 95%; sustaining 2 continuous 
thaw/frozen times over 48hr (recovery rate 98%); stable at 2-8C 
over 5 days (recovery rate 91.5%). The previous studies on 
Presage ST2 ELISA of Lu J 2010 and Dieplinger B 2009 gave the 
same results on stability in serum, plasma samples[4,10].

The Presage™ ST2 ELISA assay meets the needs of quality 
specifications for quantifying sST2 in serum.

Reference range of sST2 in serum samples of Vietnamese 
peoples

The concentrations of sST2 in males were significantly 
higher than those in females (19.33±9.5 compared to 
13.46±6.33 ng/ml, p<0.0001). The difference in normal ranges 
of sST2 between males and females have been reported in 
Americans and Caucasians in previous studies with the same 
assay of Presage™ ST2 ELISA [10,4,3]. Our study may be the first 
report about reference range of sST2 in Asian population, 
especially in the South East Asian region. The concentration of 
sST2 were also different between male and female patients with 
coronary artery diseases, 20.0 [IQR 16.2-25.2] ng/ml compared 
to 17.4 [IQR 14.8-22.6] ng/ml, p=0.001 [5].

Lu J 2010 recorded that there was no difference in sST2 by 
ages in 490 persons, aged 18-84, males (n=245) and females 
(n=245)[10]. Dieplinger B, 2009 recorded the same remark in 
338 males and 190 females [4]. In our study, there was also no 
difference in sST2 concentrations between 5 age-groups 

(classified by 10 years from 20 to ≥ 60 yrs) in males and in 4 age-

groups (from 30 to≥ 60 yrs) in females. However, we noted that 
there was high values of sST2 in young females (20-29 yrs) 

compared to older ones (≥ 30 yrs). This remarks could be related 
to the estrogen status between age-groups [6]or due to the small 
size of persons and particular characteristics of young females in 
our study.

In our study, the old persons, aged > 50, did not have the tend 
to have the higher values of sST2. In a cohort study of Ginsberg E, 

2014in 3915 elderly persons, ≥ 65 years, 82% European, it had a 
note that sST2 was often higher in older persons, and the cut-off 
value for diagnosis of heart failure for sST2 was 35 ng/ml [8]. 
This controversial issuecould be due to the difference of 
underlying heart diseases in older person populations between 
one to another studies. Coglianese EE investigated the reference 
range of sST2 in 1136 Americans (males: 462, females: 674), 
mean of age as 55, and found the values of sST2 higher in persons 
> 65 yrs.[3]. The high variation of sST2in elderly population may 
be symptoms related to the introduction  into the study 

the persons who were apparently no clinical symptoms of an 
underlying heart diseases. Thus, It could be that the old persons 
in our study did not have underlying heart diseases.

The reference rangesof sST2 in serum of healthy American 
persons were24.9 [8.6-49.3]  ng/ml (mean [5th – 
95thpercentiles]) in males (n=245), and  16.9 [7.2-33.5] ng/ml 
in females (p < 0.001) [10]. The reference ranges for sST2 in 
Vietnamese persons in our study were 17.78 [3.4-56.1] ng/ml in 
males (n=73) and12.21 [5.83-43.5] ng/ml in females(n=78). 
Thus, it seems that sST2 values in Vietnamese peoples is lower 
than that of Americans, but similar to those in Austrians, 4-31 
ng/ml in males (n=338) and 2-21 ng/ml in females (n=190) in 
study of Dieplinger B, 2009 [4]. The pooled reference range of  
sST2 for both Vietnamese genders was 16.3 ± 8.52 ng/ml was 
equivalent to that reported in Chinese persons (males: 5, 
females: 19) as 20.7 ± 7.5 ng/ml [22]. 

Thus, the difference in reference ranges of sST2 may be due 
to the differences in geographies, locations, races, but also from 
selection of persons in the studies. The high values of sST2 in 
Americans may be from the introduction of elderly persons 
without clinical symptoms of underlying diseases. In our study, 
the number of elderly persons (> 60 years) is low, it was due to 
few elderly persons came to hospital for routine health checking. 
Most of serum samples were from persons who came hospital for 
health screening to complete their personal requirements as 
studying, working, etc. This could be a reason that our reference 
range was low. 

The inter-individual variation of sST2 was highly in males 
and females with CVs of 49.14 and 47.02%, respectively. This 
remark was also reported as 30% in study of Dieplinger B, 2009 
[4]. Thus the linear regression for quintiles was applied in this 
study similar to previous study of Coglianese EE 2012 [ ]. The 
calculated 2.5th and 95th percentiles forreference range in 
Vietnamese persons were4.28 and 41.94 ng/mlfor males and 
5.83 and 19.50 ng/ml for females.

The American Heart Association proposed the cut-off value 
of sST2 as 35 ng/ml for prognosis of heart failure and mortality 
due to cardiovascular diseases basing on data of a cohort study in 
elderly Caucasians[8]. Therefore, it needs to find out the real cut-
off value of sST2 for prognosis of heart failure and mortality due 
to heart diseases for Asian populations. The combination of 
sST2, cut-off 35 ng/ml, and Galactin-3, cut-off 17.8 ng/ml, is used 
to identify the elderly persons having diastolic disfunction 
without clinical symptoms [15].

Conclusion

The Presage™ ST2 ELISA assay meets the needs of quality 
specifications for quantifying sST2 in serum. The assay is precise 
and linear over a large concentration range and can measure low 
concentrations as 3 ng/ml. Concentrations of sST2 are not 
different by age but are higher in males compared to females. The 
reference range of sST2 in Vietnamese are similar to those of 
European persons but lower than that of US healthy population. 

The reference range of sST2 in Vietnamese population gave 
the basic data for further studies in patients with cardiovascular 
diseases. The reference range of sST2 may vary by geographies, 
races, it needs to build-up the own reference of this test before 
clinical application in different places.
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